Mortality studies examine one end of the spectrum of anaesthetic complications. Other approaches examine less serious complications which may be far more common; these have been reviewed previouslyJ,2 and are discussed elsewhere in this issue.
Mortality audits may be either regional or institutional. In Australia, a number of committees operate under State legislation to collect, analyse and report information concerning deaths associated with anaesthesia. 3 -6 The alternative approach is to use institutional audits. These can examine the mortality within an entire department's caseload, and look for special factors of local relevance. A number of well executed institutional audits have been published. 7 • 9 This paper describes how such an audit was carried out at the Princess Alexandra Hospital. Using the large capacity of the hospital's main computer, data on anaesthetic practices and patient outcome were stored and manipulated to allow us to retrospectively review deaths associated with anaesthesia and surgery over the twelve months from July 1983 to June 1984. Our intention was to define and compare the results at the Princess Alexandra Hospital with those of others,1-9 and simultaneously to establish a formal institutional mortality audit.
MATERIALS AND METHODS The major source of information for our study was the front sheet of the department's anaesthesia record. This is partially completed by the anaesthetist caring for each public patient. Further information from the Queensland Health Information Service (QHIS) computer specifying the type of discharge (including death) at 28 days after each surgical procedure allowed completion of the anaesthetic record. The data were then entered by the departmental secretary into the hospital main computer. The data contained patient and anaesthetic details. Patient details included ASA status and whether or not 'emergency' surgery was carried out. Anaesthetic details included premedication, type of anaesthesia and drug, circuit, monitoring and airway descriptions, as well as details of regional anaesthesia. Details were also coded of intraoperative incidents and their treatment, risk factors, disposition of the patient and the surgical service. Provision also exists to flag groups of particular interest. All records were carefully vetted by one of the authors (A.H.vdM) to ensure their accuracy.
A further source of information was a threemonthly print-out from the Medical Records Department of the hospital which gives information on operative, surgical and other details, using the WHO International Classification codes 1o for all patients who had an intervention and died during the same hospital admission. Scrutiny of this information allowed us to expand on the information contained in the anaesthetic record where required, and document procedures which were associated with death without the involvement of anaesthetists, such as cardioversion or endoscopy.
Our study of the twelve-month period July 1983 to June 1984 incorporated 11,925 anaesthetics given to public patients, and examined deaths occurring both in the first 24 hours and in the period two to seven days after anaesthesia.
RESULTS

Mortality rate
Mortality rate is shown in Table 1 . It is noteworthy that the mortality rate in the 2-7 day period (4.36/1 000 patients) was nearly twice that in the first 24 hours (2.4311 000 patients). The incidence of mortality in five identifiable high-risk groups is shown in Table 2 . The incidence differed in the two time periods studied.
ASA Status
The death rate in patients of different ASA status is shown in Table 3 . No ASA Class 1 patient died within seven days of surgery, although ASA Class I patients made up 46% of the patients, whereas nearly 70% of all deaths occurred in the 5.3% of patients in Classes 4 and 5. More than 50% of those patients dying within 24 hours were ASA Class 5, which was only 0.7% of the patient population.
Emergency Status
Twenty-six (90%) of the 29 patients who died within 24 hours of surgery and 38 (73%) of 52 patients who died at 2-7 days were undergoing emergency procedures. The 2383 patients having emergency surgery in the year studied constituted 20% of the surgical population.
Age
Deaths occurred most commonly in the sixth to ninth decades. The age distribution of the 24 hour mortality and of the 2-7 day mortality is shown in Table 4 .
Type of anaesthetic
Of the deaths occurring in the first 24 hours, 27 patients had relaxant general anaesthesia and two had non-relaxant anaesthesia. Of the 2-7 day group, 34 patients had relaxant anaesthesia, six nonrelaxant anaesthesia, five spinal, one epidural, one field block, and two plexus block anaesthesia. All of the 29 patients who died within 24 hours had ECG monitoring. Twelve had CVP monitoring, and two had invasive arterial monitoring. Of the 52 patients in the 2-7 day group, 51 had ECG monitoring, 12 CVP monitoring, two invasive arterial monitoring, and five patients were monitored by pulmonary artery catheter.
Supervision
Twenty-five of the 29 patients who died within 24 hours were anaesthetised by registrars. Nineteen (76%) of these registrars had direct supervision by a specialist. A further four patients were anaesthetised by a specialist alone. Twenty-two patients of the 52 dying between 2-7 days after anaesthesia had their anaesthesia given by supervised registrars. Fifteen were anaesthetised by specialists alone, and in 14 cases the registrar supervision was by a specialist on remote call.
Classification of deaths
Using McIntyre's classification 11 of the 29 deaths occurring within 24 hours, it was felt that 19 were 'inevitable', nine 'fortuitous' and one 'possibly preventable'. None was unassessable. The assessments were made by examination of the computer record sheets.
DISCUSSION
These findings enabled us for the first time to examine our departmental practice and performance. Other departments may experience different results depending on their profile of surgical services and the status of patients presenting for surgery.
Our results demonstrated that our perioperative mortality rate was comparable with that of others who collected such data over similar periods 8 ,9 and it also enabled us to define our major risk groups. Partly as a result of this information, particular attention is now being given to those patients undergoing vascular surgery and repair offractured neck of femur. While the high trauma case load had been previously appreciated, the prominence of sepsis and peritonitis in perioperative mortality was somewhat unexpected.
Examination of the first 24 hours permits identification of deaths with a relatively high liklihood ofbeing associated with anaesthesia. This is the period studied by some of the mortality committees. However, the period from 2-7 days after surgery is also one in which anaesthesia can be expected to contribute to mortality. Previous studies l2 of postoperative myocardial reinfarction show a peak incidence during this later period, although this complication may result from incidents occurring during the immediate perioperative period. Only some of the State committees have access to this later group of patients which by virtue of its size (almost twice that of the 24 hour group in our institution) may include some deaths related to anaesthesia. Apart from the unexpectedly large sepsis/peritonitis group of patients in whom a better appreciation of the pathophysiological process involved offers opportunity for improvement in outcome, deep venous thrombosis, pulmonary embolism and pneumonia remain causes of later death whose genesis may be in the immediate perioperative period.
The ASA grade was a valuable predictor of outcome. It is reassuring that none of the 5442 ASA Class I patients died within seven days of the surgical procedure. The seven-day mortality rate in the various ASA classes thus varies from nil to 5.6% and 28.7% in ASA grades 4 and 5, respectively. Deaths in fit patients are always unexpected and are relatively more likely to reflect mishaps, misadventures, equipment failure and rare unexpected events, such as malignant hyperpyrexia. Conversely, proportionately more deaths in the elderly or high risk patients would be expected to be inevitable. Later deaths in both groups are less likely to be associated with anaesthesia than with other causes. Only further study can determine the value of studying those deaths occurring in the 8-28 day period.
The high incidence of emergency surgery in both groups parallels experience elsewhere 3 and supports the practice of informally weighting ASA grades with an 'E' appellation. No attempt was made to relate deaths to the particular anaesthetic techniques employed, though this has been done recently in our department as a separate study for those with fractured necks of femurs.
All but one patient who died had intra-operative ECG monitoring. This reflects contemporary departmental practice of using an ECG monitor in all patients except some healthy patients having short procedures. Reports l3 suggesting improved outcome in some surgical groups with invasive monitoring are changing our practices.
Monitoring oflevels of supervision is felt to be an important subfunction of the audit. Underestimation of risk and consequent failure to obtain appropriate advice out of usual hours is felt to be a potential cause of anaesthesia related mortality.
The McIntyre ll classification of deaths was used as it is simpler than the Edwards Classification 14 which is used by some State committees, while being sufficiently clear in its categorisation to enable an educational function to be satisfied. Data handling can be greatly facilitated by the appropriate application of computerisation. Our results suggest that at least the first seven postoperative days should be studied, rather than the 24 hours used by some of the State committees.
Although mortality studies are the least sensitive way of judging standards of anaesthesia, they can be complete in the context of individual institutions. To date the logistical difficulties involved in critical incident studies have restricted them to limited sampling periods. Mechanisms to overcome this have been proposed at the end of this issue which may allow comprehensive institutional incident, morbidity and mortality studies to be carried out.
